
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
45

1 
69

9
B

1
*EP003451699B1*

(11) EP 3 451 699 B1
(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
28.07.2021 Bulletin 2021/30

(21) Application number: 18191523.2

(22) Date of filing: 29.08.2018

(51) Int Cl.:
H04R 7/06 (2006.01) H04R 25/00 (2006.01)

(54) A DIAPHRAGM, A SOUND GENERATOR, A HEARING DEVICE AND A METHOD

DIAPHRAGMA, SCHALLERZEUGER, HÖRGERÄT UND VERFAHREN

DIAPHRAGME, GÉNÉRATEUR SONORE, DISPOSITIF AUDITIF ET PROCÉDÉ

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 31.08.2017 EP 17188841
29.12.2017 EP 17211118

(43) Date of publication of application: 
06.03.2019 Bulletin 2019/10

(73) Proprietor: Sonion Nederland B.V.
2132 LS Hoofddorp (NL)

(72) Inventors:  
• Colloca, Michele

2132 LS Hoofddorp (NL)

• Bruins, Wouter
2132 LS Hoofddorp (NL)

• Broeze, Wouter Herman
2132 LS Hoofddorp (NL)

• Koenderink, Arno W.
2132 LS Hoofddorp (NL)

(74) Representative: Inspicos P/S
Kogle Allé 2
2970 Hørsholm (DK)

(56) References cited:  
EP-A1- 3 051 841 US-A1- 2006 215 874
US-A1- 2015 373 456  



EP 3 451 699 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] The present invention relates to diaphragm and
in particular to a diaphragm having two individually vi-
brating parts which may have different resonance fre-
quencies so as to enhance the output intensity at different
frequencies.
[0002] Different diaphragm types may be seen in e.g.
WO2015/195412, EP3051841, US2015/373456,
US2006/215874 or EP1878305.
[0003] In a first aspect, the invention relates to a dia-
phragm according to claim 1.
[0004] In the present context, a diaphragm is an ele-
ment which may be used in a sound generator for causing
gas movements and thus sound/vibrations and/or in mi-
crophones for picking up gas movements and converting
these into mechanical movement for the sensing of
sound or vibrations.
[0005] Usually, a diaphragm is a flat and light element.
Sometimes, diaphragms are provided as a single sheet
or element and alternatively, the element may be a lam-
inated structure. Diaphragms may be electrically charged
if desired.
[0006] Diaphragms may be provided with stiffening
structures, such as indentations or ridges. Alternatively,
the diaphragms may be - or have - flat elements which
are able to bend and thus vibrate themselves.
[0007] Diaphragms often are hinged at one portion and
connected at an opposite portion to a drive. In this man-
ner, the movement of the diaphragm is hinged with a
maximum displacement at an opposite end - typically be-
ing the drive portion. This drive may be configured to
move the diaphragm to generate sound or to receive
movements caused by the diaphragm in order to sense
sound. Often, the diaphragm is oblong, the longitudinal
direction being from the drive portion to the hinge portion.
[0008] A hinge may be formed by a resilient element,
such as glue, connecting the diaphragm (or a portion
thereof) to e.g. a housing or another portion thereof. Al-
ternatively, a hinge may be formed by a portion of the
diaphragm itself, such as by weakened portion of the
diaphragm. A weakened portion may be a portion of the
diaphragm with a lower stiffness, such as a portion of a
metal diaphragm provided with slits providing a lower
bendability of the hinge portion compared to other por-
tions of the diaphragm between the hinge portion and
the drive portion.
[0009] The hinge portion may be a portion of the dia-
phragm extending across a width of the diaphragm (or
at least a movable portion thereof; the oblong portions
and drive portion), at least substantially perpendicular to
the longitudinal axis. Often, a hinge is formed by two or
more hinge elements, such as bending or torsional ele-
ments, around which the diaphragm may rotate so that
the rotation of the diaphragm (portion) takes place around
an axis through the hinge elements, usually provided in
a plane of the diaphragm. Such bending or torsional el-
ements may extend along the longitudinal direction or at

an angle thereto, such as perpendicular thereto.
[0010] The diaphragm length is the distance between
the drive portion and the hinge portion. The drive portion
may be a portion spanning a width, perpendicular to the
longitudinal axis, of the diaphragm. The drive portion may
alternatively be a portion of the diaphragm configured to
be driven, such as an opening for receiving a drive pin
or a portion configured to be connected to a motor. The
hinge portion may be a portion spanning the width of the
diaphragm. Alternatively, the hinge portion may be taken
as a position of a hinge or a position between the hinges,
if multiple hinges or hinge portions are used.
[0011] The diaphragm often is rather plane, even
though it may comprise ridges, valleys or the like, such
as for stiffening purposes. The diaphragm may define a
plane, which may be a plane in which a surface of the
diaphragm is provided or in which a majority of the sur-
face is provided, such as portions of the diaphragm other
than ridges/valleys.
[0012] The drive portion also may be formed by a por-
tion extending across the width of the diaphragm or at
least the movable portions thereof.
[0013] An oblong diaphragm portion is a portion having
a length which is larger than a width thereof, such as in
a plane of the diaphragm or diaphragm portion. The
length may be more than 1.5, such as more than 2, such
as more than 3, such as more than 4 times the width.
Naturally, the length and width may be determined as
mean values, if a value differs over the diaphragm por-
tion.
[0014] The oblong portions have a length of at least
30% of the diaphragm length, such as at least 40%, such
as at least 50%, such as at least 60%, such as at least
70% of the diaphragm length. When the oblong portions
have a length of this size, the resonance frequencies
thereof may be in the audible frequency interval and may
thus be helpful in defining the output frequency charac-
teristics of the sound generator.
[0015] The vibration behaviour of an oblong element
will depend on how the drive portion is driven and where
in the diaphragm the oblong element is positioned, as
well as the direction of the oblong element. If the oblong
element is directed transverse to the longitudinal, the po-
sition(s) connected to the drive portion (via other ele-
ments of the diaphragm, for example) may be positioned
at the same distance to the drive portion, whereas if the
oblong element is parallel to the longitudinal axis, the
drive position(s) of the oblong element may have different
distances to the drive portion.
[0016] The oblong elements are attached, typically at
their ends, directly or indirectly to the hinge portion and
the drive portion. An indirect connection may be via one
or more other oblong elements. The driving of the drive
portion however will affect or drive all oblong elements.
[0017] Usually, the oblong elements are connected at
both ends to other elements of the diaphragm but are not
at other portions of the oblong element, so that the vibra-
tion of the oblong element is a so-called "belly mode"
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where the central portion may move upwardly and down-
wardly in relation to the end portions of the oblong ele-
ment and relatively independently of other portions of the
diaphragm.
[0018] In one embodiment, at least one oblong element
is directed transverse to the longitudinal direction.
[0019] In that or another embodiment, at least one ob-
long element is directed at least substantially along the
longitudinal direction.
[0020] Each diaphragm portion preferably is connect-
ed to the drive portion at one end and to the hinge portion
at an opposite end. The diaphragm portions may then be
parallel and extend along the longitudinal direction.
[0021] In general, one diaphragm portion may bend
out of the plane in one direction where another may bend
in the opposite direction or not bend at all, without the
diaphragm portions touching or hindering the movement
between them.
[0022] The oblong diaphragm portions are able to vi-
brate at least substantially independently of each other.
In this aspect, vibration may be a longitudinal vibration
where a portion of the diaphragm portion bends out of a
plane extending through the hinge portion and the drive
portion. Thus, the diaphragm portions preferably are po-
sitioned so that they, when projected on to a predeter-
mined plane, such as a plane of the diaphragm, do not
overlap. In that manner, each oblong diaphragm portion
may move out of the plane without risk of contacting an-
other oblong diaphragm portion during vibration.
[0023] According to the invention, an oblong slit is pro-
vided between at least two of the oblong diaphragm por-
tions. The slit may separate one oblong diaphragm por-
tion from another and may extend in the longitudinal di-
rection. The slit may have a length exceeding 3, such as
exceeding 4, such as exceeding 5, such as exceeding
6, such as exceeding 8, such as exceeding 10 times a
width thereof.
[0024] In a preferred embodiment, the slit extends a
distance of at least 50% of a distance between the hinge
portion and the drive portion, preferably at least 60%,
70%, 80% or 90% of that distance. The slit length may
define an effective length of a diaphragm portion and thus
a resonance frequency thereof.
[0025] The slit may be open so that air may penetrate
the slit. This, however, may not be preferred, as a dia-
phragm often is desired to be sealing in order to ensure
that as much air as possible is moved, when the dia-
phragm is moved. Air moving around or through a dia-
phragm will reduce the efficiency thereof. Often, sound
generators and sound detectors have a so-called vent
for air pressure equalization across the diaphragm. This
vent often is so small that it does not conduct frequencies
above 5Hz, may be provided in the diaphragm and may
e.g. be a hole with a diameter in the range of 30-60mm.
[0026] In one embodiment, a resilient element is pro-
vided between at least two of the diaphragm portions.
This resilient element may prevent air from moving be-
tween the diaphragm portions while allowing one dia-

phragm portion to vibrate or move independently of the
other diaphragm portion. In order for the resilient element
to not transfer too much of one diaphragm portion’s
movement to a neighbouring one, the resilient element
may be selected with a sufficiently large bendability or
stretchability.
[0027] The function of the resilient element may mimic
that of standard sealing elements for sealing between a
diaphragm and a housing or frame of the diaphragm.
Thus, the same types of elements, shapes, functions and
materials may be used.
[0028] The resilient preferably offers a minimum resist-
ance to the membrane movement. Thus, the resilient ma-
terial preferably has a compliance (quantified in m/N
which is the inverse of stiffness, N/m) which is higher,
preferably much higher, than the compliance of the dia-
phragm. Preferably, the compliance of the resilient ele-
ment is at least one order of magnitude higher than that
of the diaphragm. A mechanical compliance has been
found suitable in the interval of 0.1-0.0001 m/N is desired,
such as in the interval of 0.08-0.0008 m/N, such as
0.07-0.001 m/N, such as 0.05 m/N - 0.005 m/N.
[0029] Alternatively or in addition, preferably the resil-
ient material is as stretchable as possible. The higher the
stretchability of the resilient material, the lower the dis-
tortion caused by the resilient material.
[0030] Preferably, the resilient element is made of a
polymer material, such as PU or PET. Usually, PU can
be stretched 50% before breaking.
[0031] Naturally, the thickness and other parameters
of the resilient material may influence the operation there-
of. The density, for example, may be altered by providing
the material as a foam, such as a closed foam, which
then will often be less dense and thus more resilient
(stretchable, bendable and the like) than if provided as
a solid material.
[0032] Ideally, the resilient material has an infinite com-
pliance (and hence zero stiffness), and the material of
the diaphragm and/or oblong elements has an infinite
stiffness (and hence zero compliance). However, a stiffer
material may be used in order to apply damping to the
movements of the portions of the diaphragm.
[0033] In one example, the resilient material is PU with
a thickness of 0.001-0.1mm, such as 0.01-0.05mm, such
as around 0.015 mm or PET with a thickness of
0.001-0.05mm, such as 0.002-0.01mm, such as
0.004-0.005 mm.
[0034] Another type of material useful for use as the
resilient material is a gel. Gels combine high damping
properties with low stiffness and thus may reduce the
peak at resonance frequency to make the resonance fre-
quency peak less sharp and thus alter the corresponding
sound to be more pleasant. Reducing the resonance fre-
quency peak will spread the acoustic energy in the "sur-
rounding" frequency range. Thus, the resonance fre-
quencies obtained with the oblong portions may be fur-
ther manipulated by selecting the resilient material, such
as a gel with desired parameters.
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[0035] Also, the use of a gel may reduce the number
of steps in the process of adding the sealing material to
the diaphragm. Using a sheet/foil shaped resilient mate-
rial may require the stretching of the foil and gluing the
stretched foil to the diaphragm and, potentially, also mak-
ing a rib therein. Gels and their use in transducers may
be seen in the Applicants copending application
EP3342749.
[0036] The Loss Modulus of the gel or viscoelastic sub-
stance may be larger than 1x102 Pa at 1 kHz, such as
larger than 5x102 Pa, such as larger than 1x103 Pa, such
as larger than 5x103 Pa, such as larger than 1x104 Pa,
such as larger than 5x104 Pa, such as larger than 1x105

Pa in order to provided sufficient damping. The Storage
Modulus of the viscoelastic substance may be smaller
than 1x106 Pa at 1kHz, such as smaller than 5x105 Pa,
such as smaller than 1x105 Pa, such as smaller than
5x104 Pa, such as smaller than 1x104 Pa, such as smaller
than 5x103 Pa, such as smaller than 1x103 Pa in order
to ensure a low stiffness.
[0037] Moreover, the viscoelastic substance could
have an impedance in the frequency range of interest of
the sensor, for example up to 20 kHz, of at least 100 GΩ,
such as at least 200 GΩ, such as at least 300 GΩ, such
as at least 500 GΩ, such as at least 800 GΩ, such as at
least 1 TΩ, such as at least 2 TΩ, such as at least 5 TΩ
in case the viscoelastic substance is applied in a sensor,
such as microphone cartridge having a capacitance of
around 1 pF.
[0038] The resilient element may be provided between
neighbouring oblong elements and/or between an oblong
element and an outer frame. Thus, the gel may be used
in one or both of these positions and a sheet of a resilient
material, such as PU or PET may be used in one or both
of these positions. In addition, at the hinge portion, a slit
may be provided which may again be covered by a gel
or a sheet. Any combination may be used.
[0039] The gel may be applied in a non-cured state
and then cured to become less viscous or more rigid or
stiff. The degree of curing and the resulting properties
may be adapted to the desired properties of the gel.
[0040] A further alternative material for the resilient ma-
terial is a resin or a mineral filler.
[0041] The resilient element may cover a gap between
the diaphragm portions between which, apart from the
resilient element, a slit as mentioned above may be pro-
vided. Thus, the diaphragm portions may vibrate without
touching each other.
[0042] The resilient material may be provided as a
sheet-like element covering only a space between two
diaphragm portions or as a sheet covering all of the dia-
phragm, including the diaphragm portions. The latter is
an easier manner of obtaining a diaphragm, even though
the diaphragm portions become slightly heavier and the
manufacturing may comprise additional steps.
[0043] The resilient element may, as the above slit,
extend a distance at least 50% of distance between hinge
portion and drive portion, preferably at least 60%, 70%,

80% or 90% of that distance.
[0044] The diaphragm and/or diaphragm portions pref-
erably are made of a relatively stiff material which pref-
erably is quite light. Metals are often used, such as alu-
minium, copper, cobalt, iron, nickel, or alloys, such as
steel, Nickel-Iron 50-50, Nickel-Iron 80-20, Brass, or met-
al matrix composite materials, such as an aluminium ma-
trix with ceramic particles therein).
[0045] As mentioned above, the diaphragm portions
are able to vibrate independently of each other. The di-
aphragm portions may be desired to have different res-
onance frequencies. Having a diaphragm or a part there-
of resonate at a particular frequency will provide a higher
output (sound or signal) at that frequency. Thus, allowing
different portions of the diaphragm to have different res-
onance frequencies will enable the definition of the output
of the sound sensor/generator in a new manner.
[0046] Being now able to define different resonance
frequencies for different oblong portions of the diaphragm
enables the tailoring of the output of a sound generator
with the diaphragm or of a microphone with the dia-
phragm.
[0047] In typical transducers (microphones or
sound/vibration sensors), a number of different elements
- as well as the whole transducer as well as parts thereof
- will have different resonances. Resonances may be
both mechanical and/or acoustical. Often, a so-called
drive unit resonance is seen for the whole drive unit (mo-
tor, diaphragm and the like) and which usually depends
on the total weight of the diaphragm. Often, this reso-
nance frequency is lower than those of the oblong por-
tions.
[0048] The multiple oblong elements thus increase the
number of resonances and provides the possibility of tai-
loring the output by positioning these additional reso-
nance frequencies
[0049] In general, at lower frequencies the most im-
portant parameter of a diaphragm often is the surface
area or diameter of the diaphragm which there usually
simply has a piston-like movement. Thus, the larger the
diaphragm surface, the more output, but the size of the
diaphragm is limited by the full size of the transducer.
[0050] On the other side, at higher frequencies, the
diaphragm movement will no longer be piston-like, as the
diaphragm may start bending and flexing so that different
portions thereof are no longer in phase with each other.
This may reduce the overall efficiency of the diaphragm.
[0051] According to the invention, multiple oblong por-
tions are provided which may be used for producing res-
onances and hence extra output at desired frequencies.
[0052] If it is desired to enhance speech intelligibility,
it is desired to have a higher output in the range of 4-10
kHz and potentially at even higher frequencies.
[0053] In order to do so, oblong portions may be de-
signed or selected having resonance frequencies within
this range.
[0054] As mentioned above, any number of oblong por-
tions may be used, whereby any number of resonance
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frequencies may be obtained.
[0055] A number of parameters of an oblong portion
may be adapted or selected to arrive at a desired reso-
nance frequency. The length and width of the oblong por-
tion will affect the resonance frequency, as will the weight
and stiffness thereof. Thus, such parameters may be
adapted in order to arrive at a desired resonance fre-
quency.
[0056] Naturally, the overall extent or outer boundary
of the diaphragm (such as defined by inner walls of a
transducer) may have to be observed. Thus, it may be
preferred that all oblong portions, when projected on to
a plane of the diaphragm, do not overlap and are provided
within a predetermined outer contour, which may be an
outer contour of the diaphragm and/or an inner contour
of e.g. a housing or chamber.
[0057] Increasing (all other parameters being the
same) a width of an oblong portion may have the result
of lowering the resonance frequency thereof. Decreasing
the width may increase the resonance frequency. In-
creasing the weight of the oblong portion will decrease
the resonance frequency.
[0058] The density of the oblong portions, or at least
part thereof, may also be selected to arrive at a desired
resonance frequency. A less dense material tends to re-
quire a higher thickness and thus mass - which again will
lower the resonance frequency. The density also may
affect the weight which again is a parameter which may
be selected to the desired purpose.
[0059] In addition, the stiffness of the material or por-
tions of the oblong portions may be selected to arrive at
the desired resonance frequency. In general, the stiffer
the material, the higher the resonance frequency. Also,
for a stiffer material, the diaphragm and/or oblong por-
tions may be made with a lower material thickness which
again may reduce the weight. Reducing the weight by
reducing the thickness, the stiffness of the oblong por-
tions will fall which again may reduce the resonance fre-
quency. For example, nickel is stiffer than aluminium, so
a thinner sheet of nickel may be used. Whether the weight
of the oblong portion is reduced depends on the layer
thickness, as nickel is denser than aluminium.
[0060] As it is, in fact, desired that the oblong portions
flex at their resonance frequencies, it may be desired that
the oblong portions are plane, such as in a plane of the
diaphragm. Other diaphragm types have stiffening bulg-
es or ridges which tend to prevent such flexing.
[0061] Different shapes, cross sections, densities,
thicknesses, masses, stiffnesses or the like may thus be
used for tailoring the oblong portion and/or the resonance
frequency thereof.
[0062] Thus, different oblong portions may have differ-
ent resonance frequencies, but it may be desired to have
multiple oblong portions with at least approximately the
same resonance frequency. Multiple oblong portions
may increase the overall output at that frequency, and it
may not be possible or desired to provide a single oblong
portion with the same output at that frequency.

[0063] As a consequence, the oblong portions may be
selected and/or dimensioned to have resonance fre-
quencies (both frequency and peak height - and width)
tailored to obtain a certain frequency spectrum of a trans-
ducer having the diaphragm. As mentioned above, the
resonance peaks may also be affected (smoothened) by
the resilient element, so even more degrees of freedom
exist.
[0064] The oblong diaphragm portions may be plane,
at least in a rest position, such as in a plane of the dia-
phragm or so as to have a linear cross section in a plane
perpendicular to the longitudinal direction. A plane ele-
ment may be an element which deviates, in a cross sec-
tion comprising a longitudinal direction of the element
and from a straight line, no more than a distance of 5%,
such as no more than 3% of a length of the element in
the cross section.
[0065] The overall stiffness and thus resonance fre-
quency of a diaphragm portion may also be determined
by a curvature of the portion in a plane perpendicular to
the longitudinal direction of the oblong portion as well as
the cross sectional shape of the curvature (U-shaped, V-
shaped, I-shaped, W-shaped or the like). Providing a
shape of this type may increase the stiffness without in-
creasing the weight of the portion.
[0066] The curved structure may be the above-men-
tioned ridge or valley which preferably extends in the lon-
gitudinal direction so as to impart a stiffness to the oblong
diaphragm portion. This curved structure may be provid-
ed along the full length of the oblong diaphragm portion
or a portion of the length, such as at least 5%, such as
at least 10%, such as at least 15%, such as at least 20%,
such as at least 30%, such as at least 40%, such as at
least 50%, such as at least 75% of the length.
[0067] Other manners exist of increasing the stiffness
of an oblong element, such as the addition thereto of
other elements increasing the stiffness. One example
may be to provide the oblong element as a laminate.
[0068] Naturally, any number of oblong portions may
be provided, such as 2, 3, 4, 5, 6 or more.
[0069] One embodiment further comprises an outer
frame circumscribing, when projected onto a plane, the
oblong diaphragm portions and being connected to the
oblong diaphragm portions only at the hinge portion. The
oblong diaphragm portions and at least the hinge portion
are desirably movable (rotatable) in relation to the frame
by being rotatable around the hinge portion. The frame
thus may be attached to e.g. a housing so that the other
portions of the diaphragm (oblong diaphragm portions
and drive portion) may move in relation to the housing.
[0070] Naturally, a resilient element, such as of the
above described type, may be provided between the out-
er frame and the outermost oblong diaphragm portions
in order to provide an at least substantially gas tight seal-
ing between the outer frame and the oblong diaphragm
portions and the drive portion so as to prevent air or gas
from escaping from one side of the oblong diaphragm
portions to the other.
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[0071] The outer frame may be manufactured separate
from or integrally with the oblong diaphragm portions.
The outer frame may be made of another material than
the oblong portions. If provided separately, the frame and
oblong portions may be attached at the hinge portion so
that the oblong portions are rotatable in relation to the
frame around the hinge portion.
[0072] A second aspect of the invention relates to a
sound generator comprising a diaphragm according to
the first aspect of the invention, the diaphragm dividing
an inner space of the sound generator into at least two
compartments.
[0073] In this aspect, all embodiments and considera-
tions relating to the first aspect of the invention are equally
valid.
[0074] In general, the present sound generator and di-
aphragm may be for use in a hearing aid, hearable, per-
sonal hearing device and/or miniature transducer,
whereby the dimensions of the diaphragm and sound
generator may be extremely small.
[0075] In one embodiment, the sound generator is a
miniature sound generator, such as a sound generator
with a largest dimension of no more than 10mm, such as
no more than 8mm, such as no more than 6mm or no
more than 5mm. In one situation, the sound generator
housing may have a volume of no more than 100 mm3,
such as no more than 70 mm3, such as no more than 50
mm3, such as no more than 30 mm3. Then, the diaphragm
may have a longest dimension, such as a longest extent
in the longitudinal direction of no more than 10mm, such
as no more than 8mm, such as no more than 6mm, no
more than 5mm or no more than 4mm. in a direction
perpendicular to the longitudinal direction, the diaphragm
may extend no more than 8mm, such as no more than
6mm, such no more than 5mm, such as no more than
4mm or no more than 3mm or 2mm.
[0076] Typically, the diaphragm has the outer frame
which may be attached to the housing, such as a wall
thereof, in order to fix the frame in relation to the housing
and still allow the diaphragm to rotate in relation to the
frame and the housing.
[0077] Usually, the compartments are called a back
chamber and a front chamber, where a sound outlet is
provided in the front chamber to allow sound to exit the
sound generator to the surroundings. Often, a motor or
drive unit is provided, such as in one of the compart-
ments, for driving the drive portion of the diaphragm to
move air and thus create the sound.
[0078] A third aspect of the invention relates to a hear-
ing device comprising a sound generator according to
the second aspect of the invention. In this third aspect,
the considerations and embodiments of the above as-
pects are equally valid.
[0079] A hearing device may be a hearing aid for use
by a person with impaired hearing. Alternatively, the
hearing device may be for use for persons with normal
hearing, such as for professional audio use, for standard
listening devices, such as ear buds, ear phones or the

like.
[0080] A fourth aspect of the invention relates to a
method of generating sound, the method comprising the
steps of:

- providing a sound generator according to the second
aspect of the invention and

- vibrating the drive portion.

[0081] Naturally, all embodiments and considerations
mentioned above are also applicable in relation to this
method.
[0082] The vibration of the drive portion will bring about
a rotation of the oblong diaphragm portions in relation to
the housing and thus a generation of sound. This vibra-
tion may be caused by a drive unit provided in the sound
generator, such as as a result of a signal fed to the drive
unit.
[0083] An interesting technology relates to a method
of manufacturing a diaphragm, the method comprising:

- providing a sheet of metal,

- forming from the sheet a hinge portion and a drive
portion,

- forming in the sheet at least two oblong diaphragm
portions, each having a length of at least 30% of a
distance between the hinge portion and the drive por-
tion, by removing at least a portion of the sheet of
metal between the oblong diaphragm portions.

[0084] The forming steps may be any type of forming
step, such as cutting, laser cutting, stamping, moulding
or the like. Naturally, the forming steps may be performed
simultaneously, such as in a stamping step. The dimen-
sions, materials etc. described above, in addition to the
other embodiments and considerations, are equally valid
in relation to this aspect.
[0085] A sheet is a metal element having a thickness
much lower than the extent in the two directions perpen-
dicular to the thickness direction, such as at least 10 times
lower. Often, sheets are plane where the thickness di-
rection is perpendicular to the plane of the sheet.
[0086] A metal may be any metal or alloy. Often, the
sheet comprises aluminium.
[0087] Preferably, as described above, the forming of
at least two oblong diaphragm portions comprises form-
ing the oblong portions to extend between the drive por-
tion and the hinge portion.
[0088] However, other sizes and directions may be se-
lected as described above.
[0089] An outer frame may be provided. The frame
may be provided from the same sheet of metal and in
the same forming step(s) or from another material and
attached to the hinge portion as described below in re-
lation to another aspect of the invention.
[0090] A resilient material may be provided between
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the oblong portions and optionally also the frame. The
resilient material may be provided as a sheet covering
all of or only part of the frame, the oblong portions and
spaces between these elements.
[0091] It is noted that, as described above, the hinge
portion may be a portion of the diaphragm at which the
oblong portions are attached to e.g. a frame. Also, a hinge
portion may be obtained using e.g. a weaker portion of
the diaphragm created by scoring the diaphragm or pro-
viding holes/cavities therein. Alternatively, however, a
hinge may also be created by providing resilient material
between this portion of the diaphragm and a portion of
e.g. the frame. When driving the other end of the oblong
portions, the resilient material at the hinge portion will
allow the rotation.
[0092] A further aspect of the invention relates to a
diaphragm element comprising one or more slits covered
by a resilient element, the diaphragm element further
comprising a damping substance positioned locally on a
surface thereof, where the diaphragm element is a dia-
phragm according to any of the above aspects, where a
slit may be provided between oblong elements. Alterna-
tively, the diaphragm element may comprise a frame and
a standard diaphragm without slits, where a slit is pro-
vided between the diaphragm and the frame. Naturally,
the diaphragm element may comprise the above slitted
diaphragm and a frame.
[0093] The diaphragm element may be a sheet or lam-
inate of one or more metals, wherein the slit(s) is/are
provided. Naturally, also other materials may be used
instead of or in addition to metals.
[0094] Naturally, this aspect may be combined with any
of the other aspects of the invention, so that all other
situations, embodiments and the like may be used in
combination with this aspect of the invention.
[0095] The resilient element is described above and
may be a layer or foil of a resilient material covering the
slit or potentially a complete surface of the diaphragm.
[0096] The damping substance may be the above-
mentioned gel. This substance may be provided on the
resilient material in or at the slit and/or on other portions
of the diaphragm element. The damping substance may
be provided locally, such as as droplets, ridges, lines,
tracks, geometrical figures, or the like.
[0097] The function of the damping substance is to in-
crease the weight or stiffness of the diaphragm and/or
resilient element at the particular position. Thus, the
damping material may be used for tuning the diaphragm
or particular portions thereof.
[0098] The damping material may be cured to have a
sufficient stiffness or hardness to remain at the same
position even when the diaphragm flexes and moves.
[0099] Another interesting technology relates to a
method of manufacturing a diaphragm element accord-
ing to the further aspect. Naturally, all embodiments, sit-
uations and the like from any of the above aspects may
be combined with the present aspect.
[0100] In one embodiment not covered by the append-

ed claims, the method comprises providing a sheet of a
diaphragm material and providing one or more slits there-
in, then covering the slit(s) with a resilient material, such
as by providing a sheet of resilient material covering the
slit(s). After that, the damping substance may be provid-
ed in one or more positions on the diaphragm material
and/or the resilient material. After application of the
damping substance, the substance may be cured, such
as by heat, radiation, evaporation or the like.
[0101] As mentioned, the providing of the sheet of di-
aphragm material and providing the slit(s) may arrive at
a non-slitted diaphragm with a frame or slitted diaphragm
as described above, optionally with a frame.
[0102] The application step may comprise vibrating the
diaphragm or a portion thereof in order to determine one
or more positions where damping is desired, and option-
ally also a degree of damping or an amount of damping
substance, and then applying the damping substance at
the determined position(s).
[0103] Naturally, the damping material may be provid-
ed, as mentioned above, as droplets, lines or the like in
order to obtain the desired damping.
[0104] In the following, preferred embodiments will be
described with reference to the drawing, wherein:

- Figure 1 illustrates a prior art diaphragm having two
stiffening portions,

- Figure 2 illustrates a first embodiment of a diaphragm
according to the invention,

- Figure 3 illustrates a second embodiment of a dia-
phragm according to the invention connected to a
drive unit,

- Figure 4 illustrates the main components of a sound
generator,

- Figure 5 illustrates a cross section of the diaphragm
of figure 2,

- Figure 6 illustrates another type of diaphragm,
- Figure 7 illustrates a cross section of the diaphragm

of figure 6 and
- Figure 8 illustrates a number of other shapes and

positions of oblong portions.

[0105] In figure 1, a prior art diaphragm 10 is illustrated
having a hinge portion 12, a drive portion 14 and two
ridges 16 providing stiffness to the diaphragm 10.
[0106] The operation of the diaphragm 10 is that a mo-
tor (not illustrated) will move the drive portion 14 up/down
whereby the diaphragm 10 will rotate about the hinge
portion 12 which is rotatably fastened to another element,
typically a frame and/or the inner surface of a sound gen-
erator house.
[0107] The ridges 16 impart a stiffness to the dia-
phragm so that the force applied to the drive portion will
move all of the diaphragm. Naturally, the diaphragm will
have one or more resonance frequencies defined by the
diaphragm parameters.
[0108] In figure 2, a diaphragm 20 according to the
invention is illustrated. It is seen that the diaphragm 20
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still has the hinge portion 22 and the drive portion 24 but
that the vibrating portion between the hinge portion 22
and the drive portion 24 now has two oblong portions 26
and 26’ divided by a slit 28.
[0109] Driving the drive portion 24 up/down will still
drive the portions 26/26’ up/down, but as the portions
26/26’ may have different resonance frequencies, the op-
eration of the diaphragm 20 may be different than the
prior art diaphragm.
[0110] Vibrating a diaphragm will cause the generation
of sound/vibration. The output intensity will depend on a
number of factors, such as frequency and the resonance
frequency/ies of the diaphragm. Generally, the output is
higher at a resonance frequency.
[0111] Providing a diaphragm with elements with dif-
ferent resonance frequencies allows the generation of a
diaphragm with a better and/or more controllable output
over the desired frequency spectrum. The oblong ele-
ments 26/26’ may be "tuned" individually to better create
the output desired. An oblong element may be tuned to
have a resonance frequency at a frequency where the
output would otherwise be lower than desired. Multiple
oblong elements make it possible to provide multiple
such local output increases in the output spectrum.
[0112] Naturally, the portions 26/26’ may be more than
two portions and may be made of different materials
and/or with different parameters, such as different thick-
ness, width, density, material, curvature or the like. A
portion 26/26’ may be straight or curved (in a plane per-
pendicular to the longitudinal direction illustrated). A
curved cross section may impart a higher rigidity of the
portion 26/26’.
[0113] In figure 2, the diaphragm 20 comprises an out-
er frame 25 which may be fastened to or in an inner sur-
face of a sound generator to fix the diaphragm 20 while
allowing the portions 26/26’ and 24 to vibrate around the
hinge portion 22, which in this embodiment is formed by
two bendable portions at the end of the portions 26/26’
and simply created by forming a slit 22’ between the por-
tions. Another manner of providing a hinge portion would
be to provide the frame and central portion as individual
elements and connect these at the hinge portion by a
resilient material, such as glue. The slit may, as described
below, be covered in order to prevent air or sound passing
through the slit.
[0114] Usually, a resilient material is provided between
the portions 26/26’ themselves, i.e. in the slit 28, and
between each portion 26/26’ and the frame 25, i.e. in the
opening or slit 25’, in order to ensure an air tight dia-
phragm.
[0115] As is usually the case in diaphragms where the
space 25’ between the frame and the movable portion of
the diaphragm is to be sealed in a manner still allowing
movement of the movable portion, it is desired that the
portions 26/26’ are movable relative to each other. Thus,
if a material is provided in the slit 28, so as to seal this
opening, it is desired that this material allows one portion
26 to move relative to the other portion 26’.

[0116] Suitable materials may be thin sheets of a re-
silient material, such as PU or PET. Alternatively, a gel
may be provided to cover an area or slit. Naturally, any
combination may be used, so that the slit(s) 28 between
the oblong areas may be covered by a sheet, where the
space 25’ is covered by a gel, where both are covered
by a gel, where both are covered by a sheet, or where
the space 25’ is covered by a sheet and the slit(s) 28 by
a gel. In addition to that, a slit 22’ may be covered by a
gel or a sheet independently of how the slit(s) 28 and the
space 25’ is covered.
[0117] In figure 3, a diaphragm 20’ is illustrated having
three portions 26/26’/26" defining two slits 28/28’ wherein
a resilient material is provided for sealing those openings.
[0118] In figure 3, a drive unit 30 is illustrated having
an armature 32 connected to the drive portion 24 via a
drive pin 34. In figure 3, the outer frame and housing etc.
of a sound generator have been left out to better illustrate
the driving of the diaphragm.
[0119] In figure 4, a sound generator 40 is illustrated
having the diaphragm 20, a drive unit generally illustrated
at 46. As is usual, the diaphragm 20 divides an inner
space of the housing into a back chamber 42 and a front
chamber 44 having a sound outlet (not illustrated) from
which sound may be output.
[0120] Figure 5 illustrates a cross section of the dia-
phragm 20 of figure 2 in a cross section along the line A
of figure 2. In this cross section, the frame 25 is seen, as
are the oblong portions 26/26’ and the slit 28. Illustrated
is also a layer 29 of a resilient material covering both the
spaces between the frame and the portions 26/26’ and
the slit 28. Thus, an airtight diaphragm may be obtained
while catering for the desired operation of the portions
26/26’. An alternative to the layer 29 would be to provide
this material only in the spaces between the frame and
portions 26/26’ and in the slit 28. This would make the
portions 26/26’ lighter but the manufacturing more com-
plex.
[0121] In figure 6, type of diaphragm 40, not according
to the present invention, is illustrated having a central
portion 27, having a drive portion 24 and a hinge portion
22, is provided inside a frame 25 and where a resilient
material 29 is provided in the space 25’ between the cen-
tral portion 27 and the frame 25 to seal that space. Figure
7 illustrates a cross section of this diaphragm along the
line B.
[0122] The diaphragm is driven by moving the drive
portion 24 up/down to have the central portion 27 rotate
around the hinge portion 22 provided in this embodiment
by two extending portions of the central portion 27 which
have been attached to the frame 25.
[0123] When applying the resilient material 29, it is de-
sired that it is plane and not buckling, as a buckling ma-
terial could create a range of problems. However, ensur-
ing that the material is plane before attaching to the cen-
tral portion 27 and the frame 25 will tend to stretch the
material 29 and thus to, when applied, have the material
29 generate a biasing of the frame toward the central
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element 27. This may deform the frame 25, which is not
desired.
[0124] Thus, the frame 25 is made of a material which
is stiffer than that of the central portion 27, which is typ-
ically Al or an alloy comprising Al.
[0125] The frame 25 may be made of a stiffer material,
such as copper, cobalt, iron, nickel, or alloys, such as
steel, Nickel-Iron 50-50, Nickel-Iron 80-20, Brass, or met-
al matrix composite materials, such as an aluminium ma-
trix with ceramic particles therein.
[0126] The hinge portion 22 may be obtained by pro-
viding the central portion 27 with extending portions
which are then fixed to the frame 25, such as by glu-
ing/soldering/welding, or by providing a resilient material
between the hinge portion of the central portion and the
frame.
[0127] Additional manners of providing and shaping
the oblong portions are seen in figure 8, where, generally,
slits 28 are provided as are the frame 25, the hinge portion
22 and the drive portion 24.
[0128] In figure 8a), four slits 28 are provided effective-
ly generating 6 oblong portions. The portions are at-
tached at their ends to the remainder of the diaphragm.
The ends of each oblong portion are attached at different
distances to the drive and hinge portions.
[0129] In figure 8b), again four slits are made parallel
to the longitudinal axis, but now two slits are wider than
the other two. Then, the widths of the oblong elements
differ from the embodiment in figure 8a), as may the res-
onance frequencies.
[0130] In figure 8c), the slits are not parallel to the lon-
gitudinal axis. The oblong elements thus have a wedged
shape. This again tunes the vibrational behaviour and
resonance frequency of the oblong portions.
[0131] In figure 8d), four non-parallel slits are made
forming more complex shapes of oblong elements which
again may be dimensioned and tuned as desired.
[0132] In figure 8e), the slit 28 is transverse to the lon-
gitudinal direction. Again, elements are formed which
may be dimensioned and tuned as desired.
[0133] In figure 8, different positions and shapes of a
damping material 30 are illustrated. The damping mate-
rial may be applied as a droplet, a line, a curve, a geo-
metrical figure, such as a triangle, a square, a rectangle,
a circle, an oval, or the like, open or filled with the damping
material.
[0134] The damping material may be provided at po-
sitions where it is desired to increase the mass or the
stiffness of the diaphragm. The damping material may
be provided on the resilient material 29, in the slits 28 or
simply on the diaphragm, such as on an oblong element
26/26’, or any combination thereof. In this situation, the
diaphragm may comprise a frame 25 and need not have
any slits 28.
[0135] The damping material may be applied as a gel
and subsequently cured, such as dried, heated, irradiat-
ed or the like.

Claims

1. A diaphragm (20, 20’) having a hinge portion (22)
and a drive portion (24) and a longitudinal direction
extending from the drive portion (24) to the hinge
portion (22), the diaphragm having a diaphragm
length being a distance from the drive portion (24)
to the hinge portion (22), the diaphragm further com-
prising a plurality of oblong diaphragm portions (26,
26’, 26") each having a length larger than 30% of the
diaphragm length, the oblong diaphragm portions
(26, 26’, 26") being directly or indirectly attached to
the drive portion (24) and hinge portion (22),
characterised in that an oblong slit (28) is provided
between at least two of the oblong diaphragm por-
tions (26, 26’, 26").

2. A diaphragm (20, 20’) according to claim 1, wherein
at least one oblong diaphragm portion (26, 26’, 26")
is directed transverse to the longitudinal direction.

3. A diaphragm (20, 20’) according to claim 1, wherein
at least one oblong diaphragm portion (26, 26’, 26")
is directed at least substantially along the longitudi-
nal direction.

4. A diaphragm (20, 20’) according to claim 1, wherein
each oblong diaphragm portion (26, 26’, 26") is con-
nected to the drive portion (24) at one end and to the
hinge portion (22) at an opposite end.

5. A diaphragm (20, 20’) according to any of claims 1-4,
wherein a resilient element (29) is provided between
at least two of the oblong diaphragm portions (26,
26’, 26").

6. A diaphragm (20, 20’) according to any of the pre-
ceding claims, wherein at least two of the oblong
diaphragm portions (26, 26’, 26") have one or more
of: different width, different thickness, different den-
sity, different curvature, different bendability/stiff-
ness and different resonance frequencies.

7. A diaphragm (20, 20’) according to any of the pre-
ceding claims, further comprising an outer frame (25)
circumscribing, when projected onto a plane, the ob-
long diaphragm portions (26, 26’, 26") and being con-
nected to the oblong diaphragm portions (26, 26’,
26") only at the hinge portion (22).

8. A sound generator (40) comprising a diaphragm (20,
20’) according to any of the preceding claims, the
diaphragm dividing an inner space of the sound gen-
erator into at least two compartments (42, 44).

9. A hearing device comprising a sound generator ac-
cording to claim 8.
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10. A method of generating sound, the method compris-
ing the steps of:

- providing a sound generator according to claim
8 and
- vibrating the drive portion (24).

Patentansprüche

1. Membran (20, 20’) mit einem Scharnierabschnitt
(22) und einem Antriebsabschnitt (24) und einer
Längsrichtung, die sich von dem Antriebsabschnitt
(24) zum Scharnierabschnitt (22) erstreckt, wobei
die Membran eine Membranlänge aufweist, die ein
Abstand von dem Antriebsabschnitt (24) zum Schar-
nierabschnitt (22) ist, wobei die Membran ferner eine
Vielzahl von länglichen Membranabschnitten (26,
26’, 26") aufweist, die jeweils eine Länge aufweisen,
die größer als 30 % der Membranlänge ist, wobei
die länglichen Membranabschnitte (26, 26’, 26") di-
rekt oder indirekt an dem Antriebsabschnitt (24) und
dem Scharnierabschnitt (22) angebracht sind,
dadurch gekennzeichnet, dass ein länglicher
Schlitz (28) zwischen mindestens zweien der läng-
lichen Membranabschnitte (26, 26’, 26") bereitge-
stellt wird.

2. Membran (20, 20’) nach Anspruch 1, wobei mindes-
tens ein länglicher Membranabschnitt (26, 26’, 26")
zur Längsrichtung quer gerichtet ist.

3. Membran (20, 20’) nach Anspruch 1, wobei mindes-
tens ein länglicher Membranabschnitt (26, 26’, 26")
mindestens im Wesentlichen entlang der Längsrich-
tung gerichtet ist.

4. Membran (20, 20’) nach Anspruch 1, wobei jeder
längliche Membranabschnitt (26, 26’, 26") mit dem
Antriebsabschnitt (24) an einem Ende und mit dem
Scharnierabschnitt (22) an einem gegenüberliegen-
den Ende verbunden ist.

5. Membran (20, 20’) nach einem der Ansprüche 1 bis
4, wobei ein federelastisches Element (29) zwischen
mindestens zweien der länglichen Membranab-
schnitte (26, 26’, 26") bereitgestellt wird.

6. Membran (20, 20’) nach einem der vorhergehenden
Ansprüche, wobei mindestens zwei der länglichen
Membranabschnitte (26, 26’, 26") eine oder mehrere
aufweisen von: einer unterschiedlichen Breite, einer
unterschiedlichen Dicke, einer unterschiedlichen
Dichte, einer unterschiedlichen Krümmung, einer
unterschiedlichen Biegefähigkeit/Steifheit und un-
terschiedlichen Resonanzfrequenzen.

7. Membran (20, 20’) nach einem der vorhergehenden

Ansprüche, ferner umfassend einen äußeren Rah-
men (25), der, wenn er auf eine Ebene projiziert wird,
die länglichen Membranabschnitte (26, 26’, 26") um-
schreibt und mit den länglichen Membranabschnit-
ten (26, 26’, 26") nur an dem Scharnierabschnitt (22)
verbunden ist.

8. Schallerzeuger (40), umfassend eine Membran (20,
20’) nach einem der vorhergehenden Ansprüche,
wobei die Membran einen Innenraum des Schaller-
zeugers in mindestens zwei Abteile (42, 44) unter-
teilt.

9. Hörgerät, umfassend einen Schallerzeuger nach
Anspruch 8.

10. Verfahren zum Erzeugen von Schall, wobei das Ver-
fahren folgende Schritte umfasst:

- Bereitstellen eines Schallerzeugers nach An-
spruch 8, und
- In-Schwingung-Versetzen des Antriebsab-
schnitts (24) .

Revendications

1. Diaphragme (20, 20’) comportant une portion de
charnière (22) et une portion d’entraînement (24), et
une direction longitudinale qui s’étend de la portion
d’entraînement (24) à la portion de charnière (22),
le diaphragme présentant une longueur de diaphrag-
me qui est la distance de la portion d’entraînement
(24) à la portion de charnière (22), le diaphragme
comprenant en outre une pluralité de portions de
diaphragme oblongues (26, 26’, 26") ayant chacune
une longueur supérieure à 30 % de la longueur du
diaphragme, les portions de diaphragme oblongues
(26, 26’, 26") étant attachées directement ou indi-
rectement à la portion d’entraînement (24) et à la
portion de charnière (22), caractérisé en ce qu’une
fente oblongue (28) est pourvue entre au moins deux
des portions de diaphragme oblongues (26, 26’,
26").

2. Diaphragme (20, 20’) selon la revendication 1, dans
lequel au moins une portion de diaphragme oblon-
gue (26, 26’, 26") est orientée de manière transverse
à la direction longitudinale.

3. Diaphragme (20, 20’) selon la revendication 1, dans
lequel au moins une portion de diaphragme oblon-
gue (26, 26’, 26") est dirigée au moins substantiel-
lement selon la direction longitudinale.

4. Diaphragme (20, 20’) selon la revendication 1, dans
lequel chaque portion de diaphragme oblongue (26,
26’, 26") est connectée à la portion d’entraînement
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(24) à une extrémité et à la portion de charnière (22)
à une extrémité opposée.

5. Diaphragme (20, 20’) selon l’une quelconque des
revendications 1 à 4, dans lequel un élément souple
(29) est pourvu entre au moins deux des portions de
diaphragme oblongues (26, 26’, 26").

6. Diaphragme (20, 20’) selon l’une quelconque des
revendications précédentes, dans lequel au moins
deux des portions de diaphragme oblongues (26,
26’, 26") ont une ou plusieurs caractéristiques diffé-
rentes parmi : la largeur, l’épaisseur, la densité, la
courbure, la flexibilité/rigidité, et la fréquence de ré-
sonance.

7. Diaphragme (20, 20’) selon l’une quelconque des
revendications précédentes, comprenant en outre
un châssis externe (25) qui circonscrit, lorsqu’il est
projeté sur un plan, les portions de diaphragme
oblongues (26, 26’, 26") et qui est connecté aux por-
tions de diaphragme oblongues (26, 26’, 26") uni-
quement à la portion de charnière (22).

8. Générateur de son (40) comprenant un diaphragme
(20, 20’) selon l’une quelconque des revendications
précédentes, le diaphragme divisant un espace in-
terne du générateur de son en au moins deux com-
partiments (42, 44).

9. Appareil auditif comprenant un générateur de son
selon la revendication 8.

10. Procédé de génération de son, le procédé compre-
nant les étapes suivantes :

- fourniture d’un générateur de son selon la re-
vendication 8, et
- vibration de la portion d’entraînement (24).
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